The authors' previous study demonstrated that xenon (Xe) and nitrous oxide (N,O) in combination with sevoflurane can attenuate cardiovascular responses to skin incision. To quantitatively evaluate their suppressive effects on
THERE has been increasing interest in xenon me) anesthesia.'-' Xenon, a noble gas, possesses a clinically relevant anesthetic potency (minimum alveolar concentration [MAC] = 71%)."' Its small blood-gas partition coefficient (0.1 15)6 makes a rapid induction and emergence po~sible.'~~ In our previous study," we have demonstrated that Xe and N,O in combination with sevoflurane can attenuate cardiovascular responses to skin incision in surgical patients, whereas sevoflurane alone failed to. However, we found no differences in the cardiovascular responses between Xe and N,O anesthesia because their suppressive effects on cardiovascular responses were not quantitatively determined. MAC-BAR (blockade of adrenergic or cardiovascular responses) is the dose of an anesthetic that blocks the adrenergic or cardiovascular response in 50% of individuals who have a skin incision.'o3" By comparing the MAC-BAR values of sevoflurane when administered with Xe or N,O, we can indirectly evaluate their suppressive effects on cardiovascular responses. Therefore, to quantitatively evaluate the suppressive effects of Xe and N,O on cardiovascular responses, we conducted a randomized clinical study to determine the MAC-BAR values of sevoflurane when administered with Xe or N,O.
ities, hypertension, and use of medications (as well as alcoholism and dnig abuse) that might affect blood pressure, heart rate, and MAC values of inhaled anesthetics. Preanesthetic laboratory values were within normal limits.
The protocol was similar to that of our previous investigation," and was also designed to follow the protocol of the study by Daniel el al."' to make a comparison valid. N o patient received any premedication. Once in the operating room, electrocardiogram, pulse oximetry, and noninvasive blood pressure cuff were installed. Anesthesia was induced with single vital capacity inhalation of 5% sevoflurane,'* and tracheal intubation was facilitated with vecuronium 0.10 -0.15 mg/kg given intravenously.
Using a computer-generated random number table, the patients were assigned to one of three groups: (1) sevoflurane with 1 MAC Xe (1 MAC Xe group), ( 2 ) sevoflurane with 0.7 MAC Xe (0.7 MAC Xe group), or (3) sevoflurane with 0.7 MAC N,O (N,O group). The MAC values of sevoflurane, N,O and Xe were adjusted to the patient's age using Mapleson's forniula. 13 For the N,O group, the target end-tidal concentration was achieved by the fresh gas flow of 3 I/min. For the Xe groups, the residual sevoflurane administered during inhalation induction was adjusted to the target concentration by high flow oxygen (6 l/min) for at least 10 min. Then, oxygen was stopped, and the upright ventilator bellows was deflated completely and refilled quickly with 100% Xe with sevoflurane. Xenon was then started at 2 I/min. Two to three minutes later when the end-tidal concentration reached the designated value, Xe flow was reduced, oxygen was resumed, and the anesthesia system was closed. Respiratory gases were sampled at the Yconnector, and inspired and expired sevoflurane, N,O, and carbon dioxide concentrations were continuously monitored with an infrared gas monitor (PM8050, Dragerwerk, Liibeck, Germany), calibrated just before each use according to the manufacturer's instructions. The Xe concentration was continuously monitored with AZ720 xenon monitor (Anzai Medical, Tokyo, Japan). It was calibrated before each case with the use of an 80:20 xenon:oxygen mixture analyzed to *0.02% accuracy (Nihon-Sanso, Tokyo, Japan). The effective working range for this monitor was 1-100% with the error 21% and 90% response time less than 1 s. The sample gas was returned to the anesthesia circuit after analysis in the Xe groups. The lungs were mechanically ventilated to maintain the end-tidal carbon dioxide concentration between 30 and 35 mmHg. No patient received any medications or analgesics other than those stated.
For approximately 30 min after tracheal intubation the patients were left unstimulated except for positioning, prepping, and draping. The inhaled anesthetic concentrations remained stable at the target end-tidal concentration for at least 20 min before surgical incision. Heart rate (HR) and mean arterial pressure ( M A P ) were measured by a cuff with an automatic oscillographic method (Listmini BP-8800, Colin, Aichi, Japan) at the right arm before induction of anesthesia, 1 min before incision, at incision, and with "continuous" mode for 5 min thereafter. The Listmini BP-8800 can measure HR and MAP every 15-30 s with the "continuous" mode. The cardiovascular data were recorded on paper. The MAP and HR before induction were recorded as the baseline cardiovascular variables. The MAP and HR at 1 min before incision were recorded as the cardiovascular variables during anesthesia. If the MAP before incision decreased below 45 mmHg, the patient was excluded from the study and the treatment to restore blood pressure was immediately started. All patients received approximately 10 ml kg-' h-' of Ringer's lactate solution for the duration of this study. The duration of these procedures was about 45 min.
Similar to the investigation by Daniel el al.,"' the "up and down" method was used to determine MAC-BAR. '4 We arbitrarily started the investigation with 0.3 MAC sevoflurane in each group. The response of the preceding patient determined the concentration of sevoflurane given to the succeeding patient in each group. If the response of the preceding patient in that group was positive (an increase in either HR or MAP 2 15% above the value 1 min before incision), the end-tidal concentration given to the next patient was increased by 0.3 MAC. If the response was negative (neither HR nor MAP increased by 2 l5%), the end-tidal concentration given to the next patient was decreased by 0.3 MAC. This rule automatically concentrates testing in the neighborhood of the sevoflurane concentration giving 50% probability of blocking cardiovascular response and makes for efficient e~timation.'~ The cardiovascular data recorded on paper were analyzed by a person blinded to the anesthetic concentration used. The mean of four independent response cross-overs, in which a positive response was followed by a negative response, provided the MAC-BAR for each group.'5 The data were also analyzed using a logistic model to calculate the effective sevoflurane concentration needed for blockade of cardiovascular responses in 50% and 95% (EDso and ED,,, respectively contribution of Xe or N,O. The data are reported as mean f SD.
Stutisticul Analysis
Data were analyzed using Minitab Release 8 for Macintosh (Minitab, State College, PA). All the numeric data were first analyzed with normal probability plots to examine the validity of the assumption that the populations are normally distributed. Because the normality assumption was not rejected, the data were analyzed with parametric tests. The gender and type of surgery were analyzed using chi-square tests. The other demographic data and the MAC-BAR values obtained from independent cross-overs were coinpared using one-way analysis of variance (ANOVA). The cardiovascular data were analyzed using one-way ANOVA (between groups) and repeated-measures ANOVA (within the group). Multiple comparisons were performed using Tukey honestly significant difference test." The MAC-BAR values were compared with ED,,, obtained from logistic analysis using t tests. A P value of < 0.05 was considered statistically significant.
Results
Forty-one patients completed the investigation; one patient in the 0.7 MAC Xe group and another in the N,O group were excluded from the investigation because their MAP before incision decreased below 45 mmHg. The groups did not differ significantly in age, gender, type of surgery, baseline cardiovascular variables, or cardiovascular variables under anesthesia (tables 1 and 2). HR and MAP decreased significantly during anesthesia from the baseline values in each group (table 2) .
The MAC-BAR values of sevoflurane with the contribution of Xe or N,O were 2.58 ? 0.38 MAC with N,O, 2.65 2 0.24 MAC with 0.7 MAC Xe, and 2.05 ? 0.24 MAC with 1 MAC Xe ( fig. 1) . The MAC-BAR with 1 MAC X e was significantly smaller than that with 0.7 MAC X e or N,O ( P < 0.01). However, the MAC-BAR with 0.7 
